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ABSTRACT 


The U. S. Army's Range Measuring System (RMS) B 
unit uses an omnidirectional, quarterwave monopole 
antenna (Beanie) mounted on a helmet for the transfer 
of range information. The system has demonstrated a 
general unreliability in successfully establishing 
two-way communications between the central computer 
processor and the field units. One possible reason 
for this unreliability is the hilly terrain and 
questionable antenna performance (gain and coverage) 


at the test area. 


A circularly polarized, low profile antenna was 
examined Because of its high gain (6-9db), small size 
and low cost. A test model was fabricated to evaluate 
the performance of this design compared to the Beanie 
antenna. Experimental results of the test model 
supported the theory. Alternative antenna designs and 


materials are suggested for further study. 





TABLE OF CONTENTS 


Te MUVIROVUCTION. 2.22.24 see eneee des seee cesses esses os 

Rae BACKGROUND’: ..eeeiiLs oo 5/c a leterds sss 4/e Siew seems sielscr es 

Be UePRORURS DISGCRIUTIONscocccue ve se aces eee cle wns es 

Tei, EVE ANDE MAARTEN Netcics S s.4 b:e1e «we wi cicleSee.c oss ee web se e.encc 
Aw DUSCRIOTION ANDMTHPORY os. cs. sos tec os seco echee 

Bin ANDENNAGEVALUAT DON. o< secs ce co's weiceau ee sie os 96: o8 

GC. EXPER MUENTALSRESULTS~ <<< sccm cs cece essences cs 

III. LOW PROFIL2, LINEARLY POLARIZED ANTENNA DESIGN... 
Re DNTRODGETION] = omit. osc otitis sce eve ce ces ew ne oe 

B. ANTENNA DESIGN AND THEORY ..ccvccccsccccceccece 

Ci MET REN DO EN TARE SULTS Ams 2. .c beeicicccecs cs sece sc 

IV. CONCLUSIONS AND RECOMMENDATIONS. .....e.e.eeeeeese 
ESTBOR RERDRENGES «leslie cass ott cle ects p ec alvladeadecusue seas se 
ENEUPALMDESTHIBUTCON LIST s.<.c0c scene esc see osc es sete sso 0% 
PS TROR ER IGURES cc os sive cin cane eS ewe ceo eis eles a ae eee oe 


10 
10 
12 
17 
23 
23 
29 
38 
42 
Gu 
45 





10. 


11. 


12. 


13. 


V4. 


15. 


16. 


17. 


18. 


19, 


LIST OF FIGURES 


RES MOD CE dE NON sss ais sos wes» 0 6/00 se 
Beanie Antenna. 2 wcce ne cee cseccncs 
Vector Voltmeter Equipment Setup. 
Antenna Range Configuration...... 


Antenna Range Equipment Setup.... 


eo@ee#8s 


ees o@eoee8e8 sa 


Beanie Vector Voltmeter Experiment Results.... 


Beanie Far Field Azimuth Radiation Pattern.... 


Beanie Far Field Elevation Radiation Pattern.. 


Microstrip Wraparound Antenna......... 


Circular Microstrip DesSigne<ss.4s60s 46 


Propesed Helmet Mounting......... 
E=Field Lines Of FOCCO@s 666s e sie sis: 
Antenna Impedance... ...0. cece cccces 
Slot Impedance Behavior.....2.s.e- 
VSWR VS FLEQUCNCY . cece se cece cece oe 
VSWR vs Feed Point Location,..... 
Slot Impedance eaiciiae tone re 


Elevaticn Antenna Pattern...«.».-- 


AZimuth Antenna PatterNno.rnecece ce 


eebeeeee 


e#vwveeoe#8es#s 


e@#wees#ess¢ 


ees, @e8 


e* oe @ #8 


11 


14 


15 


16 


18 


20 


21 


25 


26 


27 


28 


31 


32 


33 


34 


36 


39 


40 





Ie INTRODUCTION 


am eee ee ee Ee 


A. BACKGROUND 


References 1 and 2 describe the general operation and 
function of the JU. S. Army's Range Measurement System (FMS) 
and its associated e¢quipment. The RMS systen is a 
non-tactical system which transfers ranging and digital 
{with the proper inputyoutput devices) information between a 
central computer and a corresponding transponder Micro~-B 
unit located in the field. The purpose of this system is to 
evaluate field tactics and the most efficient deployment of 
men, vehicles, and aircraft in @ Simulated battle scenario. 


Figure 1 presents a hasic block diagram of the RMS 
operation. The C staticn is located where there 1S pcwer 
available anc a direct line-cf-sight transmission to A and D 
Stations. The A and BG stations are relay sites usually 
located at fixed geographical locations . The ¢€ station 
receives parallel output commands from the computer and 
converts them to serial form for output to the field units. 
The commands will be either ranging or digital 
communications, and are coded with the respective D,A, and B 
Station address. The B unit response travels the same path 
back to the CC station. The software utilized with the 
computer dictates the real-time exercise that takes flace, 
and which B unit is interrogated and how often. 


The transmissions can follow a C~-D-A-B or a C-A-B path, 
With a paxinum path length of 18 kilometers. The systen 
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has the capability of addressing 7 D stations, 127A 
stations, and 1,023 B units. The operating frequency is 918 
(+7.5) MHZ with the transmitter’ and the receiver operating 
on one of two channels assigned to each mode of operation 
(Xmatr-ch. 1, 41.35 MHZ, ch. 4, 4.05 MHzs Revr- ch. 2, 2.25 
MHz, ch. 3, 3.15 MHz). The purpcse ot the s¢parate channels 


is to reduce interference. 
B. PROBLEM LCISCRIPTION 


Numerous operaticnal problems have flagued the RMS 
system at its field location at Fort Hunter Liggett, 
California Changes in the computer software have caused 
Saturaticn problems in data frocessing. This together with a 
failure of 2 units has reduced the maximum number of 
operational field units from 1000 to 10. The area of field 
evaluation has the A and D stations located cn the tcp of 
bills in crder to communicate with the C station and the B 
units located in opposing valleys. This feses interesting 
propagaticn problems with the A and OD station antenna 
patterns not being derressed enough to see the playing 
units. Reference 3 describes the problems encountered in 
equipment reliability and describes ranging errors in excess 
cf 100 yards. 


The problem areas under investigation have been divided 
into the following areas; (1) Multipath propagation errors, 
(2) Heat degradation of B units, (3) Software, (4) Equipment 
Maintenance and alignment, and (5) Excessive propagation 


losses peculiar to the test evaluation site. 





II. BEANIE ANTENNA 


ae wy ee oe oe ou ee 


A. DISCRIPTION AND THEORY 


Figure 2 describes the physical shape and size cf the 
helmet mounted Beanie antenna. [It 1S a guarter-wave, 
monopole antenna connected to a mesh screen ground plane of 
spherical shape to conform to an army helmet. A short 
length of 50 ohm RG-58C/U cable connects the antenna to the 
SMA connector located on the edge of the ground plane. 
Another length of cable connects the antenna unit to the 
Micro~B unit. The entire antenna and grcund plane are 
protected with a coating of rubber material to prevent 
damage to the unit under field ccnditions. 


Reference 4 states that the ability cf an antenna to 
concentrate the radiated power {or received power) in a 
given direction, is specified in terms of antenna gain, 
power gain, directive gain (or directivity), and antenna 
efficiency. Directive gain is defined as the ratio of the 


Tadiation intensity ina direction to the average fpower 


dq = 4 (e,.9) 7 
SBdrn 
$ (9,45) ~ wa tts / unit solid angle 


Gy=IOLOG Gy 


radiated. 


The directivity cf an antenna is defined as its maxinua 


directive gain in a specific direction (angle). Directivity 
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and directive gain are sometimes used interchangeably. 
Reference 5 states that the directive gain fcr an antenna 


beam can alsc be shown to be: 


41,293 
Sp Dp 
where © b and D bp are the half power bean widths measured 





Sq 


in degrees. 


Power gain is defined as. the ~ratio of the radiation 
intensity divided by the total input power. 


w, = W,+ W, = total input power 


_474 
I5= W, Ww, = ohmic losses 


W, = antenna radiGtion losses 


For antennas having 100 percent efficiency, directive gain 


eguals power gain [Ref. 4]. 


Antenna efficiency, rho {Ref. 4], is defined as the 
power gain divided by the directive gain. Antenna theory 
dictates that a quarter-wave monopole, having 100 percent 
efficiency should have an omnidirectional field pattern; and 
it should have a maximum directive gain of 1.76 db (assuming 
100 percent of the available power is transferred to the 
lead). 


100 9p 
* fj 1 —_ EE 
e (e iciency ) 7 


E. ANTENNA EVALUATION 


The evalvation of the Beanie antenna is divided into two 
sections. The first section involves experimental evaluation 


of the antenna and its associated cables using the Vector 


T2 








Voltmeter Experiment described in Figure 3. The second step 
in the ‘evaluation process is to take radiation patterns of 
the Beanie antenna to determine its directive gain compared 


with known theoretical results. 


The Vector Voltmeter experiment evaluates the 
performance cf an antenna system by megsuring its standing 
wave ratio (SWR). A voltage SWR (VSWR) of 1 indicates a 
perfect impedance match at a particular frequency, whereas a 
VSWR greater than one indicates reflected power from the 
antenna due to an imperfect impedance match at the desired 


frequency. 


The antenna radiation pattern range and the associated 
equipment are described in Figures 4 and 5. Vertically and 
horizontally polarized field patterns were made using an 
A-station monopole antenna as the reference transmitting 
antenna. These E field patterns were used as the basis for 
evaluation of antenna gain, and were aisc used as an 
evaluation standard applied to the design performance of the 
low profile antenna design. It should be noted at this 
point that several months of experimentation involved the 
use of a NEMS Clark 2000-A and extension unit REU-300B 
receiver. The equipment frequency range (910 mhz maximun) 
was not sufficient to cover the freguency range under 
investigation (911.5 to 925.5 mhz). Possible nonlinearities 
in this extended trequency region makes the radiation 
pattern gains taken at different times somewhat Suspect. A 
receiver was purchased later that covered the frequency 
grange, but do to itS poorer sensitivity the test signal 
generators used had to be operated at their maximum powér 
performance. This led to more possiblé antenna gain 
nonlinearities which meant that the antenna patterns had to 
be taken in sets for the proper comparison of data taken 


under similar test conditions. 
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C. EXPERIMENTAL RESULTS 


The comparison of antenna performance will be based 
primarily cn three experimental results. The Vector 
Voltmeter Experiment will determine real losses in matching 
over the frequency bandwidth of 16 MHz. The radiation 
patterns taken will yield directive gain, and overall 
azimuth and elevation coverage. Antenna pattern coverage is 
important to the antenna evaluation process Eéecause of the 
terrain encountered in actual RMS performance. 


Figure 6 shows the tabulated results from a Vector 
Voltmeter Experiment performed on the Beanie antenna. AS 
Shown by the results, the Beanie antenna has a fairly 
consistent VSWR and phase angle, PHI, over the frequency 
range in guestion. An average VSWR of 1.30 Converts to a 
1.14 db power loss. Most of this loss is in cattle lcsses 
and a mismatch of cable resistance to the radiation 
resistance exhibited by the antenna. Radiation resistance 
is defined for a short monopole antenna frem Reference 4 
below (note: cable losseS are minimal and have little 


effect). we) 
Read ate a (%) 

2 

ao 7*(4) 


24.67 ohms 


Conductor losses in the antenna are calculated belcw. 


Re | i~ antenna length 
—2— = 0.2 0hms 


cl 3779 anwantenna diameter 


The variance in phase angle is fairly consistent, and cnly 


varies 27 degrees over the bandwidth. Phase angle is 


Ad 








rea 
Pa racne 
rau [eine [uae [et 
eral a a 
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ee Jaws [ise fe 
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Figure 6 — BEANIE VECTOR VOLTMETER EXPERIMENT RESULTS 
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important in this experiment since the Micro-B unit maybe 
interrogated by more than one A station at a time. This 
could lead tc a phase shift in the received signal making it 


unreadable , thus yielding no response. 


RG~58C/U cable used with the Beanie antenna was found to 
exhibit a resistance of 45 ohms at a frequency of 918 mhz. 
This resistance reading was found using the standard method 
of calculating cable resistance described in Reference 6. 
Now uSing the formula for the voltage reflection coefficient 
described below from Reference 7; 

K, = Rrad Ro 
Read F Ro 
24.67 -43 

67.67 


= —0.270 


the transmission coefficient is equal tc one minus the 
reflecticn ccefficient, or 0.73. The .expected theoretical 
gain of this antenna is equal to the transmission 
coefficient times the maximum theoretical gain (1.5), oF 
1.096 (0.398 db). 


Figures 7 and 8 show the far field azimuth and elevation 
patterns of the Beanie antenna. It is noted here that there 
is an: obvious variance from the omnidirectional pattern 
predicted from theory in -the azimuth pattern. Similar 
patterns were taken throughout a three acnth period and 
Similar results were obtained . The reasons for this 
Variance could be that the Beanie antenna was never actually 
vertical with the transmitting antenna, or it is possible 
that the feed system located on the periphery of the ground 


plane could be having some effect on the radiation pattern. 
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The half power beamwidth in the azimuth direction measures 


237 degrees. 


The far field elevation pattern shows a half pcwer 
beamwidth of 12 degrees. Figure 8 shows hcw the directive 
gain of the antenna decreases as the antenna is rotated 390 
degrees. This Shows that the response cf a vertically 
polarized antenna to a horizontally polarized signal is very 
low. This position (rotated 90 degrees frcem the vertical) 
would approximate the soldier in a prone position that he 
Might take in an actual field exercise. fhe reduced gain 
plus the cancellation caused by multipath effects will cause 
the Micro-B unit to fail to receive a range command frem an 
interrogating A Station. 


The maximum directive gain was found to be equal to 
1.450, or 1.61 db, using the measured half-pcecwer beam widths 
from figures 7 and 8. The actual gain is the maxinun 
directive gain times the efficiency (0.73) which eéquals 
1.058 (0.25 db). This corresponds to a 3.6 percent error 
over the theoretical gain calculated earlier. 


The thecry used in this section ccmpares very favcrably 
with the experimental results obtained. It is concluded, 
that although the Beanie antenna is low cost and simplistic 
in design, the 1.51 db loss in gain, together with foor 
azimuth and elevation radiation patterns, combine tc make 
the quarter wave monopole a contributing factor in the foor 
performance of the RMS systen. These results form the basis 
for further investigation of a substitute antenna system for 


the Beanie artenna. 
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TIf. LCW PROPILE, LINEARLY POLARIZED ANTENNA DESIGN 


—— ep i =_—— — —- 


A. INTRODUCTION 


The lew profiie linearly polarized micrcstrip antenna 
was chosen for its small size, high gain, simple design, and 
low cost. This type of antenna has found many applications 
involving aircraft, spacecraft, and missiles where size and 
weight are ccnstraints. These antennas are ccnstructed on a 
thin (with thickness very much less than the wavelength) 
dielectric material that has copper bonded to both sides. 
One side forms the ground plane. The ofposite side forms the 
antenna e€lement which is formed into any shape by etching 
the unused copper off of the dielectric surface. The 
elements can be fed from multiple feed pcints. Inductive 
and/for capacitive elements may also be etched into the 
surface to minimize the reflection coeficient by forming a 


hybrid matching network on the dielectric surface. 


From Reference 8, the unique characteristics of 
Microstrig antennas are as follows: (1) They are very thin 
and need not extend very far below or abcve the _ ground 
plane, and conseguently can be made very rugged, (2) They 
are economical to construct and design, (3) Either linear or 
circular polarization is possible, (4) Dual frequency 
antennas are possible, and (5) They are easy to mount on 
existing structures (paste on antennas with a hole frem the 
ground side are conceivable). Antennas have been designed 
for freguencies up to Ku band (up to 18 Gigahertz). The 


lower end of the frequency spectrum (below L band) causes 
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the antenna element size to increase beyound manageable 
proportions. The feed network and any solid state compcnents 
that might be added to the PC board do not intergere with 
the radiation pattern because they are electrically close to 
the ground plane, which is the back of the antenna, and 
because the feed lines are perpindicular to the electric 


field being emitted by the photo etched radiator. 


An example of a microstrip wraparound antenna, from 
Reference 9, is shown in figure 9. This example shows a 
Multiple feed strip radiator that is fed Ey copper. feed 
strips. Either a tapered line parallel feed network, or a 
Quarter wave transformer parallel feed network can be used 
to provide the necessary matching of the radiator toa 
coaxial line input. This antenna when recessed into the 
Bissile bedy, best suits the aercdynamic flow 
characteristics of the missile, yet provides a high gain 
which may te required to allcw for low power telemetry or 
command and control signals to be receivedysent frem an 
exterior source where power 1s a constraint. The low cost 
of such an antenna can be met because the single printed 
circuit board antenna is manufactured by the same low-cost 
photo-etch process used to make electronic circuit boards. 


The first design chosen for possible use was a circular 
Microstrip antenna with a grounded short between the 
radiator and the grcund plane. The feed line is a coaxial 
feed from the back (ground side) of the antenna, through tne 
dielectric material and terminating on the radiator. 
Reference 8 describes the antenna design, and figure 10 
showS a typical model. This particular model was chosan 
because it was felt that it could be easily mounted on a 
Standard U. S. Army battle helmet, as shown in figure 11. 
As Will be shcwn later in this paper, this was a poor choice 
because this manner cf mounting does not take advantage of 


the maximum EM lines of force as shown by figure 12. 
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Reference 8 also describes the high gain features of 
this type of antenna as béing four to seven db akove 
isotropic. As will be shewn later im this paper, this 
advertised feature 1S incorrect for the model described. 
High gains can be achieved, but the size of the antenna 
reguired is guch larger than described in the article. A 
literature search was conducted on this antenna design, but 
little published theory exists which accurately describes 
the theory, or formulas to be used in the design of 
Microstrip antennas. ‘Therefore a secondary objective of 
this paper will be to develop an orderly, theoretical 
approach to designing microstrip antennas; followed by 
experimental results to support the theory and conclusions 


rormed. 


Be. ANTENNA LESIGN AND THEORY 


The initial antenna was fabricated frcm Micaply copper 
Cladded printed circuit board. The dielectric material is 
one sixteenth of an inch thick with a dielectric constant of 
4.8 measured at a frequency of 2 gigahertz. The radiating 
element size was determined to be 1.72 inches in radius fron 
the below formula obtained from Reference 8 and deriveé fron 


Reference 10. 


c = 1 B41C 
27a (€,)% 
Fe frequency 9IBMHz aq~ antenna radius 
C ~ speed of light €.~ relative dielectric 


constant 


The factor of 1.841 corresponds to the first zero of the 
derivative cf the Bessel function of the first order 


exhibited by the quarter-wave cavity created when a center 
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short is added to the PC tLoard. Reference 8 also sSudqgests 
that the feedpoint location should be at a distance abcut 32 
percent of the radius from the center shcrt. The ground 
plane extension beyond the radiating element was arbitrarily 
chosen to te 30 percent. Later experiments in this area 
were done to see the effect cf reducing or extending the 


ground plane about the radiating element. 


A literature search to determine a means for measuring 
the edge inpedance cf the circular disk by experimental 
means did nct prove fruitful for these frequeéeacy ranges. A 
general relationship for the conductance of a slot radiator 
whose width approximated a quarter wavelength was obtained 
from Reference 9 and is shcewn in figure 13. Since the disk 
radiator approximates a parallel plate transmission line, 
each slot cf a square/rectangular radiator approximates two 
similar resistances in parallel with the reactive portions 
cancelling due to their being 180 degrees cut of phase (or 
at least they are assumed to be very small). Thus the input 
impedance seen 1S one half the slot resistance. Since 
Reference 9 assumeS a square/rectangular radiator, the input 
impedance for a circular disk radiator can ke assumed to be 
somewhat less and the reactive impedances tc have a greater 


value, therefore they will have more effect. 


Figure 14 shows the typical estimated impedance behavior 
of the circular radiator in its most simplistic form An 
estimated feed point location of 0.516 inches is established 
aS a starting point to approximate a matched feed, using 45 
Ohms as the cable resistance calculated 2arlier (note: this 
first feed point estimate compares favorably with that 
mentioned earlier, i.e. 30 percent of the radiator disk 
radius). A series of Vector Voltmeter experiments was 
conducted to find which feed point yielded the optimum VSWR. 
The results of those measurements are shcewn in figures 15 


and 16. The results (and later measurements) show that an 
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optimum feedpoint of 0.85 inches is indicated, or roughly 50 
percent of the radius. By using the vclitage reflection 
coefficient, the feedpoint and cable resistance, one can 
calculate the load resistance seen by the radiating element. 
The reflection coefficient yields the resistance value Seen 
by the cable input. This value can be extrapfelated to yield 
the parallel load resistance of the element. This value 
times two gives tne new slot resistance of the radiator. 
f_ypical values are summarized in figure 17 yielding an 
average slot resistance of 143.65 onms. The fact that this 
value is an average taken at several feedpoint iocations 
lends a certain amount of credibility to the assumed value. 
These calculations will become more impertant later when 
Calculating aperture efficiency and the actual gain of this 
antenna. The data presented in figure 17 is by ao means 
accurate since a pure resistive load was assumed, and no 
correction due to unknown reactive components was made. The 
results from figures 15 and 16 also indicate that a resonant 
frequency of 928 mhz was obtained with the 1.72 inch radius 
antenna; well beyond the 918 mhz frequency calculated 
earlier. Several other radiating disks were made (with 
increasing radii) and a resonant frequency of 920 mhz was 
finally obtained using a disk radius cf 1.77 inches. 
Precision in the etching process was an inherent’ froblen 
Since a small error in the radius would lead to a large 
error in the resonant frequency at these high frequencies. 


The thecretical slot resistance of the 1.77 inch radius 
disk was calculated to be 198.98 ohms, or a parallel input 
impedance of 99.49 ohms. A reflection coefficient of 0.12, 
a VSWR of 1.27 and a half. power bandwidth cf 17 mhz was 
Measured at a feed point cf 0.85 inches. This yielded an 
approximate input impedance of 83.63. chis, or ae slot 
impedance of 167 ohms. The theoretical gain, using a 
formula from reference 9 shown below, was calculated to be 


3.59, or 5.55 db. The radiation resistance cf a short 
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dipole is shcwn below, and was calculated tc be 14.96 ohms. 
4 7 area 


_ 2fd) \* 
Rrag = 20 (5 ) 


The impedance matching efficiency is egual to the 
transmission coefficient , or one minus the reflection 
coefficient, equal to 0.88. The aperture efficiency is 
calculated below. 


@= 14 14.96 - 83. 63 


iS ee = = 0. (30,4%) 
14.96+ 63.63 a) 


The overall efficiency is the product of the two, or 0.2676 
(26.76 percent). The actual gain is the product cf the 
overall power efficiency times the theoretical gain, or 
0.960 (minus 0.173 db). One has to remember that this 
actual gain is the product of expected theoretical gain and 
fFower management (i.e. impedance matching and aperture 


efficiency). 


The guality factor, @, for a dielectric sandwich 
material is é€gual to the reciprocal of the loss tangent. 
The expected bandwidth for this type of circuit is then the 
resonant freguency divided by the quality factor. The 
Specification given by the manufacturer for this material's 
loss tangent, or dissipation factor (D), is 0.02. This 
yields a Q of 50 and an approximate bandwidth of 18.4 mhz. 
Results from, a Vector Voltmeter experiment indicate af 
bandwidth of 17 mhz between the half power pcints. The half 
power points are those VSWR readings on either side of the 
rescnant frequency that yield a reading of twice the 
resonant VSWR reading. 
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C. EXPERIMENTAL RESULTS 


Figures 18 and 19 show the elevation and azimuth antenna 
radiation patterns for this antenna. It can be seen that the 
half power azimuth coverage is 95 degrees and the elevation 
coverage iS approximately 120 degrees. This yields @ maximun 
directive gain of 3.61 (5.58 db). The maximum directive gain 
times the power efficiency equals a gain cf 0.968 (minus 
0.74 db). This is approximately a one percent error fron 
the theoretical gain calculated earlier. The antenna field 
patterns of both the Beanie and disk antennas were compared 
and the maximum gain of the Beanie antenna was found to 
exceed that of the circular disk by about 1 db. Thus even 
though the low profile, circular disk antenna should have a 
theoretical gain much higher than the Beanie, poor impedance 
matching and primarily poor aperture efficiency causes the 
overall anténna gain to be lower than a quarter wave 


monopole (Beanie) antenna. 


Aperture efficiency 1s a function of the radiating disk 
input impedance and the Characteristic radiation resistance 
cf the antenna, When the length of the dipole becomes 
Smaller in ccmparison to its freespace wavelength, then the 
aperture efficiency will decrease due to the inability to 
Match the input impedance to the radiation impedance. This 
is the reasgn why a multiple feed, rectangular micrestrip 
antenna iS So much more efficient, because it allows the 
designer to increase on side length to the point where the 
radiation resistance does not become so small that an 
appropriate impedance match cannot be made. The width of 
this antenna is governed by the frequency and the dielectric 
constant of the material. The rectangular microstrip 
antenna has a Similar radiation pattern as the circular 
disk, but with a higher aperture efficiency and therefore 


the gain achieved is much higher. 
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Figure 18 - ELEVATION ANTENNA PATTERN 
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It should be noted that in the antenna radiation pattern 
tests, several antenna alignments were tested. That is, the 
maximum gain was attained when the antenna surface was 
parallel to the transmitting antenna (monopcle), with the 
feed point and center short vertically aligned (thus giving 
vertical polarization). When the feed point-center short 
alignment was rotated 90 degrees (simulating horizontal 
polarization), the antenna gain was reduced by over 10 db 
(or effectively no reception). When the antenna surface was 
perpendicular to the vertical monopole the received gain was 
again minimal. The ground plane was reduced to the same 
diameter as the radiating disk with the same results. These 
Fadiation pattern tests crudely show that the E-field lines 
of force approximated in an earlier figure are in fact 
basically ccrrect. It should be noted that no allowance was 
made for the effects due to the center short or the ccaxial 
feed and the effects that these sway introduce. It was shown 
that there is a general weakening of the fields on the sides 
of the antenna probably due to the cancellation effects of 
the center short and the feed. | 


A new antenna was constructed with a radius of three 
times the half wave length radius previously calculated. 
The reascn for this ccnstruction was that it would increase 
the radiation resistance while lowering the antenna 
impedance so that a better efficiency would Le realized. [It 
was also suspected that any radius of an odd number of half 
wavelengths would sustain this mode. When the antenna was 
tested with the Vector Voltmeter, it.was fcund to exhiktit a 
VSWR in excess of 12. This indicates that the mode was not 
sustained and that losses due to other modes prevailed. 
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From the results of the experimentation section and 
theory, it is felt that this antenna design is not suited as 
a solution for a replacement antenna for the RMS system. A 
single element, circular disk, lowprofile, Microstrip 
antenna cannct, at any frequency, attain a suitable aperture 
afficiency sufficient to maintain a high theoretical gain. 
The radiaticn resistance of a high dielectric constant 
material radiator is just too low to effectively match the 
high input impedance exhibited by this type of antenna. The 
antenna pattern coverage of this disk element is also 
unsuited for the RMS range configuration. If a rectangular 
wraparound antenna were constructed, the aperture efficiency 
could be increased significantly, but at 918 mhz the feed 
network would be too large to allow the antenna system to be 
mounted on a battle helmet. A wraparound antenna could be 
mounted on a cylinder for large vehicles, but the problem of 
survivability against trees, etc. ina field environment 
would stili be a problem. The cost of Such a cylindrical 
antenna would probably be prohibitive if there were many 


vehicles in the range area, 


The reccmumendation for an improved antenna system would 
be tos 1) Improve the efficiency of the Beanie antenna, and 
2) Replace the A~-station antennaS with a rectangular 
multiple feed antenna wrapped around a cylinder. By having 
each feed alternate by a 90 degree phas2 shifter, both 
horizontal and vertical polarization can Ee achieved to 
solve the problem of reception when the soldier is in the 
Prone position. This type of antenna arangement would allow 


improvements in the following areas: 1) higher overall gain, 
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2) Vertical/horizontal polarization coverage, 3) 
Omnidirectional coverage, and 4) Lower overall system cost 
by only replacing the A-station antennas instead of all the 


B-station antennas. 


If the phased cylindrical array 1s not feasible, then a 
basic cylindrical antenna could be constructed with a 
separate planar antenna rotated 90 degrees so that the 
horizontal polarization could be realized. This procedure 
Might be cheaper in the long run since a flat antenra is 
cheaper to construct, and the phased matched network of the 


cylindrical antenna would be avoided. 
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